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1
EXECUTABLE CODE IN DIGITAL IMAGE
FILES

CROSS REFERENCE TO RELATED
APPLICATIONS

This application is a continuation of U.S. patent applica-
tion Ser. No. 12/344,079 filed Dec. 24, 2008 (issuing Nov. 26,
2013 as U.S. Pat. No. 8,595,689) which is incorporated herein
by reference in its entirety.

TECHNICAL FIELD

The present invention relates to image processing in infra-
red cameras.

BACKGROUND

It is becoming more common to use various kinds of non-
contact measurement equipment such as infrared cameras or
pyrometers in order to measure the absolute temperatures or
temperature differences on objects. The advantages of using
an infrared camera are many. One of the most obvious is that
the user will get a quick and complete temperature measure-
ment of an object, and that the user could cover a more
extensive area than is possible for most of the other means of
measurement, like non-contact pyrometers or direct contact
temperature devices such as platinum resistance thermom-
eters, thermocouples or thermistors. For example, a user of a
pyrometer will have to point the aperture of the pyrometer in
lots of different directions trying to cover the area of interest;
or if direct contact temperature devices are used, place them
at specific points. Although many of these methods in certain
situations have advantages over the use of infrared cameras,
the risk of leaving an essential part undetected could never be
completely avoided.

Infrared cameras are used today in a plurality of applica-
tions. An example is monitoring and controlling various tech-
nical systems, where the infrared cameras can help in detect-
ing overheated system components like reactors, fans, valves,
dynamos, transformers or other essential parts. The detection
could also concern situations where frozen components or
parts could lead to a risk of malfunction. Since significant
information about the condition of a technical system can be
given by measuring the temperatures, the use of infrared
cameras is an easy and reliable way of identifying problems
before a failure occurs due to stress in such a system.

Infrared cameras in related art typically utilise predefined
parameterised functions implemented at a plurality of plat-
forms. Examples of such platforms could be the infrared
cameras themselves or other programmable devices related to
the cameras like the software of a computer. The radiation
captured and stored by the infrared camera is used together
with these predefined functions to perform e.g. a temperature
measurement or alarm analysis of the captured infrared radia-
tion. An example of such a measuring function is the use of
programmable coefficients or parameters accounting for the
emissivity and reflectivity of the material of an object neces-
sary for reliable temperature measurements of the object. An
example of an alarm function could be one that triggers an
alarm when at least one pixel value exceeds a defined tem-
perature threshold value of the image. This could either acti-
vate a small internal alarm to alert the camera operator, or be
used as a stationary monitoring device sending the alarm
signal to a major warning system which comprises of light
and sound sirens, for example in industries handling explo-
sive chemicals. Other examples of predefined functions are
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readouts of maximum, minimum or average temperature val-
ues in an image, or readings concerning the temperature of
particular spots or especially interesting areas. [sotherms (re-
gions of an image having the same temperature) could also be
emphasized by highlighting those regions with some sort of
indication (e.g. colour, line); furthermore, the information in
each pixel could be retrieved and used in analysis by standard
programs.

A problem in having to implement these parameterised
functions in advance arises when new or more advanced
functions are needed or asked for by customers. The func-
tionality of these predefined functions is fixed and realizing
new or updated versions in order to change the functionality
is both inefficient and cumbersome, since they must be imple-
mented in advance at each of the platforms. In related art such
an update is often related to a product release, in which case
a user may have to wait for a long period of time. If the
requirements change during the time period, the update may
even be obsolete when it is released. The requirements may
also differ between customers, in which case the customer
might have to reduce his or her desires. This inherent lack of
flexibility urges the need of a more adaptable concept.

SUMMARY

It is therefore an object of the present invention to provide
a method and an apparatus to achieve a more flexible concept
without having to implement the functionality in advance.

The invention relates to a method for processing informa-
tion in images comprising the steps of receiving radiation
from at least one object in an area; extracting radiometric
information from the radiation; transforming the radiometric
information into at least one digital image file; storing the at
least one digital image file and at least one digital function file
comprising an executable code characterised by the steps of
merging the executable code of the at least one digital func-
tion file into or with the at least one digital image file, thereby
generating an executable digital image file, wherein the
executable code comprises at least one instruction and is
written in a programming language independent of system
architecture.

The invention also relates to an apparatus for processing
information in images comprising a lens assembly arranged
to receive radiation; a detector array for extracting radiomet-
ric information from the radiation; a processing unit arranged
to transform and process the radiometric information into at
least one digital image file; a memory storage providing
means for storing the at least one digital image file and at least
one digital function file comprising an executable code char-
acterised in that the processing unit comprises a central pro-
cessing unit which is arranged to merge the executable code
of the at least one digital function file into the at least one
digital image file, thereby generating an executable digital
image file, wherein the executable code comprises at least one
instruction and is written in a programming language inde-
pendent of system architecture.

The invention further relates to a computer program prod-
uct for use in central processing unit in a processing unit of an
apparatus for processing information in images, which com-
prises computer readable code means, which when run in the
central processing unit causes said central processing unit to
perform the steps of merging an executable code of at least
one digital function file into or with the at least one digital
image file, thereby generating an executable digital image
file, wherein the executable code comprises at least one
instruction and is written in a programming language inde-
pendent of system architecture.



US 9,279,728 B2

3

Hence, the invention relates to a method and an apparatus
for processing information in image files where the function-
ality will be accessible directly from within the executable
digital image files themselves and exists in association with
the file. Further, a cross-platform compatibility of the execut-
able digital image file is achieved, or in other words, the
executable digital image file can be executed independently
of system architecture or platforms (i.e. software/hardware
architectures) and transferred between and through different
interfaces of such systems (e.g. computer/camera).

Further the invention relates to a method and an apparatus
for executing the at least one instruction in order to use the
radiometric information in the executable digital image file
and to implement and retrieve functionality within the execut-
able digital image file, where the instructions typically use the
radiometric information in alarm and/or measurement func-
tions. New functions can easily be implemented to fit differ-
ent environments and situations. Another advantage is that the
functions could be retrieved from within the files indepen-
dently of system architecture.

The method and apparatus also make it possible to perform
an interactive comparing analysis of the information com-
prised in at least two separate executable digital images files,
creating the opportunity to validate aberrations in a structured
and reliable way. By this any aberration between any two
images, e.g. taken in the same location but at different time
occasions, will be dealt with systematically.

With the method and apparatus it is also possibleto retrieve
at least one digital function file comprising the executable
code, and in one embodiment of the present invention even to
link the executable code of the at least one digital function file
with the at least one digital image file instead of merging these
entities with each other.

By the method and apparatus it is also possible to generate
the at least one instruction comprised in the executable code
by the means of at least one of the plurality of the control
devices. Here a user can program the functionality he wants to
achieve with a great degree of liberty.

Further advantageous embodiments of the apparatus, the
method and the computer program product are set forth in the
dependent claims, which correspondently describe further
advantageous embodiments of the present invention.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows an infrared camera according to the inven-
tion.

FIG. 2 shows an infrared camera attached to an external
device.

FIG. 3 shows an image file according to the invention.

FIG. 4 shows a block diagram of a method for processing
information according to an embodiment of the invention.

FIG. 5 shows a block diagram of a method for processing
information according to another embodiment of the inven-
tion.

DETAILED DESCRIPTION

In FIG. 1, an infrared camera 1 according an embodiment
of the invention is shown. The infrared camera 1 comprises
three main parts, a lens assembly 10 at one end for capturing
radiation and at the other end an assembly 110 which may
comprise a plurality of control devices 120 and at least one
interface medium 130. The plurality of control devices 120
could for example be a display, record/push-buttons and
thumb-joysticks for programming, parameter settings and
menu selection from a display, respectively. The at least one
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interface medium 130 could comprise removable
SD-memory cards (secure digital cards), wire- or wireless
communications means like USB (universal serial bus), Fire-
Wire standards and IrDA (Infrared Data Association) or other
short distance communication standards. Between these ends
lays a main body 20 which may comprise a plurality of
sub-assemblies or parts (e.g. processing unit, memory, A/D-
converter, infrared detector array, etc.).

After the radiation emitted from an object 4 reaches the
lens assembly 10, which could comprise of one or more high
quality lenses, it is focused and directed towards a detector
array 30 in an appropriate manner. The detector array 30,
preferably an infrared detector array (for example a cooled or
uncooled focal plane array), comprises individual sensors or
pixels, which are sensitive to a range of the infrared radiation
spectrum. The detector array 30 transforms the radiation into
electrical analogue signals. This information of the radiation,
which at present may be in the form of electrical analogue
signals, is then further transformed into digital information,
e.g. a digital image file 35, by a processing unit 40. The
processing unit 40 may typically comprise a central process-
ing unit (CPU) 50, an analogue-to-digital (AID) converter
and other processing circuitry (not shown). Thus, the radia-
tion information is captured by the IR camera 1, and in all
essence interpreted in a digital file format as a temperature
measurement of the object 4.

Furthermore, the digital image file 35 may then be regis-
tered and further processed by the central processing unit
(CPU) 50 comprised in the processing unit 40. The process-
ing unit 40 and the central processing unit (CPU) 50 may be
arranged to communicate with and have access to all parts of
a memory storage 60. This may, for example, be performed
through a data communication port 100 in the memory stor-
age 60. The processing unit 40 may also be connected to at
least one of the plurality of control devices 120.

In order to achieve reliable and comparable measurements,
the captured infrared radiation is taken in comparison with
some additional information which may comprise calibration
constants, camera and accessories settings, registration for
background radiation, as well as destructive and nondestruc-
tive data (e.g. a compressed data format like MEG and an
uncompressed raw format, like PNG, respectively). Other
types of data are also possible. This additional data may be
stored in a file parameter/setting storage section 70.

Once the information of the radiation is captured in the
digital image file 35 and then processed by the processing unit
40, using any or all information contained in the file param-
eter/setting storage section 70, the digital image file 35 may
be stored in a digital image file storage section 80. The pro-
cessing unit 40 may be arranged to retrieve the digital image
file 35 from the digital image file storage section 80 at any
point in time.

The processing unit 120 may be arranged to communicate
with and be connected to the parameter/setting storage sec-
tion 70 the digital image file storage section 80, the transmit-
ting/receiving file storage section 90 and at least one of the
plurality of control devices 120 by using, for example, the
data communications port 100.

In FIG. 2, the infrared camera 1 and an external device 150
are shown. The external device 150 may be any sort of exter-
nal memory storage device. Some examples of such external
memory storage devices are a computer, a server at an internet
address, another infrared camera, a CD (compact disc),
memory stick (USB, SD), etc. From the external device 150,
a set of digital function files 140, or file functions, comprising
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at least one digital function file 145 (but more generally the
set comprises a plurality of digital function files, or file func-
tions), may be selected.

The digital function files or file functions 140 comprised in
the external device 150 may be communicated to the IR
camera 1 by, for example, means of the interface medium 130.
The digital function files or file functions 140 may be placed
in the transmitting/receiving file storage section 90 of the
memory storage 60. This could, for example, be realized by a
downloadable package comprising the digital function files
140. The at least one digital function file 145 may comprise an
executable code 37 which may be arranged to be merged with
the digital image file 35 contained in the digital image file
storage section 80.

According to one embodiment of the invention it is also
possible for the memory storage 60 and/or the transmitting/
receiving file storage section 90 to comprise at least one
digital function file 145 before any communication with an
external device 150 is performed by the IR camera 1.

FIG. 3 shows a digital image file 35 and a digital function
file 145 (or file function) comprised in the processing unit 40
and being processed by the central processing unit (CPU) 50.
In one preferred embodiment of the invention, the digital
image file 35 and the at least one digital function file 145 (or
file function) may be communicated to or retrieved by the
processing unit 40 together or in successive order from the
memory storage 60. The processing unit 40 may then be
arranged to merge or embed the executable code 37 com-
prised in and carried by the digital function file 145 with the
digital image file 35 in the central processing unit 50 (as
indicated by the arrow in FIG. 3). This may generate an
executable digital image file 39, that is, a digital image file
comprising executable code. After this transformation into an
executable digital image file 39, further steps could in turn be
to perform actions in accordance with at least one instruction
38 (normally a collection of instructions) comprised in the
executable code 37. These instruction(s) 38 may be arranged
to use and process the information (e.g. temperature/pixel
data matrix) comprised in the digital image file 35.

In another embodiment, the user could build the at least one
instruction(s) 38 comprised in the executable code 37 by the
use of at least one of the plurality of control devices 120.
During the construction of the at least one instruction 38,
which may be made possible by, for example, programming
means in the processing unit 40, this information could be
presented in real time before the user of the IR camera 1
during programming. This may be performed by, for
example, a display device (e.g. a view editor of the IR camera
1) comprised in the plurality of control devices 120. The
display device could, for example, have a touch sensitive
display, or present the information according to the user’s
commands given to the processing unit 40 by e.g. thumb
buttons, joysticks or a keyboard.

The at least one instruction 38 comprised in the executable
digital image file 39, which may originate from the execut-
able code 37 of the digital function file 145 or may be pro-
grammed by the user directly into the IR camera 1, are typi-
cally organized in such a way as to perform an action, such as,
for example, a measurement or alarm function, a clearer
presentation of results, etc. This may, for example, be per-
formed in order to achieve an easier and more flexible inter-
pretation of the information within the executable digital
image file 39.

The instructions 38 comprised in the executable code 37
may typically include a series of text files, such as, for
example, implicit include files as well as the script and the
include files of the user. The bytecode of the instructions 38
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may subsequently be executed, for example, on an abstract
machine (also known as a virtual machine or emulator). The
abstract machine normally comprises instructions organized
as an instruction library (e.g. a native function library)
embedded in the host application and corresponding host
processor. The implementation of these instructions (e.g.
native and/or wrapper functions) are used in implementing
the interfaces between the abstract machine and the platforms
(e.g. the IR camera 1 and an external device 150) in order to
make the operations on the host processor (for example, a
CPU 50 in the IR camera 1 or a processor in the external
device 150) semantically equivalent to the original instruc-
tions.

These instructions could also link or wrap existing func-
tions in the host environment, for example a software appli-
cation written in a different programming language (to be
ableto reuse developed application software). In order to glue
the existing functions, in for example the application soft-
ware, a piece of instructions or code (e.g. in the native func-
tions) is combined with another piece of instruction/code
(e.g. the software or hardware application) which determines
how the latter one is executed.

The inventive concept realised by a machine independent
language, implements a cross-platform compatibility of the
compiled binary code of the executable digital image file 39;
or in other words, since the hardware and operating system
dependence is reduced, the executable digital image file 39
could be executed independently of system architecture or
platforms (i.e. software/hardware architectures) and there-
fore be transferred between and through different interfaces
of such systems.

In practice, the executable code 37 may be generated by
interpreting languages (e.g. Pearl) or compiling languages
(e.g., Pawn, Java, C, etc.) which could either be compiled to
machine independent code (i.e. bytecode or P-code; pseudo
code) or machine dependent code (machine code).

Another possible field of use of at least two executable
digital image files 39, also in accordance of the invention, are
an interactive comparing of an image with a reference image
(which could have been taken at an earlier stage perhaps years
ago), in order to establish a structured and reliable way of
making a validation of any aberrations in the images.

In one embodiment of the present invention it is also pos-
sible to link the executable code 37 to the digital image file 35
such that in all the communications and use in and between
interfaces, parts or devices, that constellation is supported in
the different computer system architectures it may encounter.
In this embodiment the executable code 37 comprising at
least one instruction 38 is preferably carried by the digital
function file 145 to the central processing unit 50, whereby
the executable code 37 may be linked with the digital image
file 35. After this process, which generates a digital image file
linked to an executable code, a linked unit defined as an
executable digital image file 39 is generated. Further steps
could in turn be to perform actions in accordance with at least
one instruction 38 (normally a collection of instructions)
comprised in the executable code 37 upon the information
comprised in the digital image file 35. This may be carried out
at once or later on, and if a plurality of instructions is con-
cerned, one at a time, all together or in any combination
thereof.

The executable digital image file 39 could be transferred
and stored in the memory storage 60, e.g. the digital image file
storage section 80 or the transmitting/receiving file storage
section 90; alternatively the executable digital image file 39
may be re-routed to any of the interfaces media 130 and stored
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in a removable memory device, or transferred to an external
device 150, where it may be stored or further processed.

In FIG. 4, the steps for transforming the radiation from an
object 4 to an executable digital image file 39 in an IR camera
1 according to an embodiment of the invention are shown.

In step S41, the radiation is received from an object 4
through the lens assembly 10 by a user aiming the IR camera
1 towards an area comprising at least one object of interest. In
step S42, the radiometric information may be extracted from
the radiation by the detector array 30.

In step S43, the radiometric information may be trans-
formed into at least one digital image file 35. In step S44, the
at least one digital image file 35 may be merged with the
executable code 37 of at least one digital function file 145 in
the central processing unit (CPU) 50 of the processing unit
40. This will result in an executable digital image file 39,
which then may be stored in the memory storage 60, analysed,
transferred, and/or transformed to a different system archi-
tecture for further analysis.

InFIG. 5, steps for creating an executable digital image file
39 according to an embodiment of the invention are shown.

In step S51, at least one digital file function 145 may be
uploaded/downloaded to the memory storage 60, for
example, to the transmitting/receiving section 90. This may,
for example, be performed from an external device 150 and in
the form of a downloadable package. The upload/download
may be initiated by a user through the IR camera 1 or through
the external device 150.

In step S52, the central processing unit (CPU) 50 in the
processing unit 40 may communicate with the memory stor-
age 60 (or the transmitting/receiving section 90) in order to
retrieve the at least one digital file function 145.

In step S53, the executable code 37 of at least one digital
function file 145 may be merged with at least one digital
image file 35 in the central processing unit (CPU) 50 of the
processing unit 40. This will result in an executable digital
image file 39, which then may be stored in the memory
storage 60, analysed, transferred, and/or transformed to a
different system architecture for further analysis.

The description above is of the best mode presently con-
templated for practising the invention. The description is not
intended to be taken in a limiting sense, but is made merely for
the purpose of describing the general principles of the inven-
tion. The scope of the invention should be ascertained with
reference to the issued claims.

The invention claimed is:

1. A processor-implemented method for processing infor-
mation in infrared (IR) images, the method comprising:

receiving IR radiation from at least one object in an area;

capturing radiometric temperature data from the IR radia-
tion;

generating at least one digital IR image file using the radio-

metric temperature data;

storing the at least one digital IR image file and at least one

digital function file comprising an executable code
including compiled binary codes that are executable
independent of system architecture or platform, wherein
the executable code comprises at least one instruction
for processing the radiometric temperature data cap-
tured from the IR radiation; and

generating an executable digital IR image file by linking

the executable code of the at least one digital function
file with the at least one digital IR image file, thereby
generating a linked unit defined as the executable digital
IR image file to support execution of the executable
digital IR image file in different computer system archi-
tectures for generating radiometric temperature alarms
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or performing radiometric temperature measurements,
and wherein the at least one instruction comprised in the
executable code is generated in response to a user pro-
viding input using at least one of a plurality of control
devices.

2. A method according to claim 1, wherein the processing
the radiometric temperature data comprises one or more of
determining a maximum, minimum, or average temperature
value in the digital IR image file, determining a temperature
ofaportion ofthe digital IR image file, determining isotherms
in the digital IR image file, generating a temperature alarm
based on the radiometric temperature data, and performing a
temperature measurement based on the radiometric tempera-
ture data.

3. A method according to claim 2, further comprising
executing the at least one instruction to generate the tempera-
ture alarm or to perform the temperature measurement based
on the radiometric temperature data associated with the
executable digital IR image file.

4. A method according to claim 1, wherein the executable
code is written in a programming language independent of
system architecture.

5. A method according to claim 1, further comprising per-
forming an interactive comparing analysis of the information
comprised in at least two separate executable digital IR
images files, such that aberrations can be validated in a struc-
tured and reliable way.

6. A method according to claim 1, further comprising
retrieving the at least one digital function file comprising the
executable code.

7. A method according to claim 1, wherein the generating
the executable digital IR image file, based on the at least one
digital IR image file and the executable code of the at least one
digital function file, comprises merging the executable code
of'the at least one digital function file into or with the at least
one digital IR image file.

8. An apparatus for processing information in infrared (IR)
images, the apparatus comprising:

a lens assembly configured to receive IR radiation;

an IR detector array configured to capture radiometric tem-

perature data from the IR radiation;
a processing unit configured to generate at least one digital
IR image file using the radiometric temperature data;

amemory storage configured to store the at least one digital
IR image file and at least one digital function file com-
prising an executable code including compiled binary
codes that are executable independent of system archi-
tecture or platform, wherein the executable code com-
prises at least one instruction for processing the radio-
metric temperature data captured from the IR radiation;
and

wherein the processing unit comprises a central processing

unit which is configured to generate an executable digi-
tal IR image file by linking the executable code of the at
least one digital function file with the at least one digital
IR image file to generate a linked unit defined as the
executable digital IR image file to support execution of
the executable digital IR image file in different computer
system architectures for generating radiometric tem-
perature alarms or performing radiometric temperature
measurements, and wherein the processing unit is con-
figured to generate the at least one instruction comprised
in the executable code in response to input received from
a control device, the input being provided by a user
interacting with the control device.

9. An apparatus according to claim 8, wherein the process-
ing the radiometric temperature data comprises one or more
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of determining a maximum, minimum, or average tempera-
ture value in the digital IR image file, determining a tempera-
ture of a portion of the digital IR image file, determining
isotherms in the digital IR image file, generating a tempera-
ture alarm based on the radiometric temperature data, and
performing a temperature measurement based on the radio-
metric temperature data.

10. An apparatus according to claim 9, wherein the central
processing unit is configured to execute the at least one
instruction to generate the temperature alarm or to perform
the temperature measurement based on the radiometric tem-
perature data associated with the executable digital IR image
file.

11. An apparatus according to claim 8, wherein the execut-
able code is written in a programming language independent
of system architecture.

12. An apparatus according to claim 8, wherein the central
processing unit is configured to perform an interactive com-
paring analysis of the information comprised in at least two
separate executable digital IR image files, in order to validate
aberrations in a structured and reliable way.

13. An apparatus according to claim 8, wherein the central
processing unit is configured to generate the executable digi-
tal IR image file by merging the executable code of the at least
one digital function file into or with the at least one digital IR
image file.

14. An apparatus according to claim 8, wherein at least one
interface medium is in connection with a transmitting/receiv-
ing function storage section and configured to retrieve the at
least one digital function file.

15. A non-transitory computer program product for use
with a central processing unit (CPU) in a processing unit of an
apparatus configured to capture radiometric temperature data
from infrared (IR) radiation, the computer program product
comprising computer readable code, which when run in the
CPU causes the CPU to perform a method comprising:
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generating at least one digital IR image file using the radio-

metric temperature data;

generating an executable digital IR image file comprising

the at least one digital IR image file and an executable
code of at least one digital function file; and

wherein the executable code comprises compiled binary

codes that are executable independent of system archi-
tecture or platform and at least one instruction for pro-
cessing the radiometric temperature data captured from
the IR radiation, the executable digital IR image file is
generated by linking the executable code of the at least
one digital function file with the at least one digital IR
image file to provide a linked unit defined as the execut-
able digital IR image file to support execution of the
executable digital IR image file in different computer
system architectures for generating radiometric tem-
perature alarms or performing radiometric temperature
measurements, and wherein the processing unit is con-
figured to generate the at least one instruction comprised
in the executable code in response to input received from
a control device, the input being provided by a user
interacting with the control device.

16. A computer program product according to claim 15,
wherein the processing the radiometric temperature data
comprises one or more of determining a maximum, mini-
mum, or average temperature value in the digital IR image
file, determining a temperature of a portion of the digital IR
image file, determining isotherms in the digital IR image file,
generating a temperature alarm based on the radiometric tem-
perature data, and performing a temperature measurement
based on the radiometric temperature data.

17. A computer program product according to claim 15,
wherein said generating the executable digital IR image file
comprises merging the executable code of the at least one
digital function file into or with the at least one digital IR
image file.



